The paper opens a new direction in the research field of the diffusion process by proposing as a measurement system the low-frequency electronic noise -named the Barkhausen method. Experimental research performed has confirmed that measurement of electronic noise can be sensitive enough to reveal the structural modification as a result of nitrogen diffusion in the superficial layers. The above statement can be confirmed only through microstructure analysis (SEM) of diffusion layers obtained at different times of nitriding and through XRD tests that illustrate the growth of the nitrogen and iron compounds in the same layers. With these values it is possible to confirm whether there is correspondence between Barkhausen noise diagrams and diagrams of superficial layer modifications. The authors present their experimental attempts, in an attempt to verify that Barkhausen noise measurement is a non-destructive control method with viability and future in any type of diffusion layer investigation.
INTRODUCTION
The reference material used in noise measurements must exhibit, ideally, a constant behaviour, not influenced by the process environment and conditions. In the metallurgical processes this condition is very difficult to fulfil because the high temperatures are responsible for high surface reaction rates and for an increased reactivity. This is the reason why a material can also be successfully used as reference if it has a constant behaviour after a certain nitriding time (providing that the induction time is much shorter than the entire process period).
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The paper presents the results related to steel that can be used as a reference in the noise measurements during the nitriding process. For comparison, the same type of experiments were carried out using steel that can easily be applied to the nitriding process.
EXPERIMENTAL

Materials
Alloys used in this study have the chemical compositions presented in Table 1 . 
The crude samples and those obtained after nitriding were then analysed for modifications in structure and compositions.
Sample analysis
1. In their previous papers /1,2,4/ the authors succeeded to demonstrate the sensitivity of the nitriding layer in Barkhausen noise measurements ( The following experimental results try to give an answer to this problem 2. The surface morphology was visualised using scanning electron microscopy (SEM) on a JOEL JSM 5800 LV microscope.
3. The composition of the sample was analysed using Energy Dispersive Spectroscopy (EDS) on an Oxford
Link-Isis EDS, using the electron beam from SEM 4. The structural and phase analysis was done using X-Ray Diffraction (XRD). The results presented were obtained on a Bruker D8 Advanced Diffractometer, using a Cu LFF X-Ray tube, at 45 kV, 35 mA and 1.54184 A wavelength. A domain of the 2Θ angles between 10° and 90° (step 0.02°) was enough to register all the significant peaks of the samples.
RESULTS AND DISCUSSION
The evolution of the structure's morphology during the nitriding is presented, for sample 1, in Fig. 2 a-c.
Sample 2 is a steel that is usually a nitriding substrate and Fig. 2d -f presents the time evolution of the nitride layer.
The growth of the nitride occurs in the first steps forming an insulator layer. The stainless steel has less reaction affinity, the structures developed are tensioned and the early cracks do not disappear in time although they turn into a more compact structure. The samples 2 show a different growth path: first isolated grains appear, but the resulting final layer is rather compact and homogeneous.
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The diffraction data confirm the formation of the iron nitrides. A selection of the XRD results is presented in Figs. 3 and 4.
Based on these data, the following observations can be made: 
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-in the early stages, the stainless steel develops only chromium compounds and the diffractograms, both at 80 and at 120 min, do not contain the iron nitride peaks (Fig. 4, spectra 2 and 3) -The sample 2 shows after complete nitriding a surface covered to a large extent with Fe 3 N (Fig. 3,   spectrum 2) -This nitride is formed even in the early stages as the spectrum 1 in Fig. 4 shows (the circled peak) .
The EDX analysis of the stainless steel confirms the formation of the chromium compounds and shows that the superficial layer has a higher chromium content compared with the substrate. The inversion of the iron-chromium composition occurs in the early moments of the process but, if the time is long enough, there is also time for the development of the iron (and silicon) compounds. Table 2 presents the relevant data: Table 2 Results of EDX analysis of the samples 1 during the nitriding process The sample 2 shows during the nitriding process the same evolution regarding the iron and chromium composition (expressed both as free or bonded). During the thermochemical treatment the surface layer is enriched in aluminium and silicon compounds (nitrides). Data are presented in Table 3 . 
CONCLUSIONS
Based on these results we may conclude that chromium-containing steel has, in the early steps of the nitriding process, the tendency to enrich the surface layer in chromium compounds. Stainless steel develops this process for a longer period of time, and during this period there is no iron nitride formation. When this occurs, because of the lower reaction affinity, there is no priority regarding the nitride to be formed, and the result is a mixture.
For steel with high reaction affinity for nitride formation, although in the first stages there is the same surface behaviour, the final layer mainly contained Fe 3 N in a regular, compact structure.
The tests show that silicon and aluminium nitrides are also likely to be formed.
